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© Amplifier. 

© An amplifier for amplifying a high frequency 
signal comprises an input matching circuit, an output 
matching circuit, an FET whose gate and drain are 
connected to the input matching circuit and the 
output matching circuit, respectively, and a gate 
voltage control circuit for controlling a gate voltage in 
accordance with a power of the high frequency sig- 
nal, which is connected to a junction node of an 
output end of the input matching circuit and the gate 
of the FET. The gate voltage control circuit com- 
prises a diode whose anode is connected to the 

FIG.1 



gate, a capacitor disposed between a cathode of the 
diode and ground, and a gate bias setting circuit 
whose output is connected to a junction node of the 
diode and the capacitor. The gate bias setting circuit 
outputs a control voltage corresponding to a power 
of the high frequency signal. As the result, the 
matching of the output matching circuit is not de- 
viated and a linearity of the output power to the input 
power is kept in a good state, resulting in an am- 
plifier with high efficiency. 
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FIELD OF THE INVENTION 

The present invention relates to an amplifier 
that amplifies a high-frequency wave of more than 
GHz band and, more particularly, to an amplifier 
that keeps a linearity of input-output characteristics 
and operates with high efficiency. 

BACKGROUND OF THE INVENTION 

Figure 5 is a block diagram showing a prior art 
amplifier that amplifies a high-frequency wave of 
more than GHz band. In figure 5, reference nu- 
meral 10 designates an FET as an active element. 
A source of the FET 10 is grounded. An input 
terminal 11 is connected to a gate of the FET 10 
through an input matching circuit 30. An output 
terminal 18 is connected to a drain of the FET 10 
through an output matching circuit 40. A signal 
which is input to the gate is amplified and output 
from the drain side. In the input matching circuit 
30, an input end of a high frequency transmission 
line 12a is connected to the input terminal 11, a 
high frequency transmission line 12b and a capaci- 
tor 15 are serially connected between the gate of 
the FET 10 and the ground, and a gate bias 
terminal 13, which is an output terminal of a gate 
bias setting circuit 14, is connected to a junction 
node of the high frequency transmission line 12b 
and the capacitor 15. in the output matching circuit 
40, an output end of a high frequency transmission 
line 16a is connected to the output terminal 18, a 
high frequency transmission line 16b and a capaci- 
tor 17 are serially connected between the drain of 
the FET 10 and the ground, and a drain bias 
terminal 20, which is an output terminal of a drain 
bias setting circuit 19, is connected to a junction 
node of the high frequency transmission line 16b 
and the capacitor 17. In addition, an external cir- 
cuit, comprising a load 22 and a DC blocking 
capacitor 21 connected in series, is connected to 
the output terminal 1 8. An external circuit compris- 
ing a high frequency signal generating power sup- 
ply, a load, and the like (not shown) is connected 
to the input terminal 11 . 

Figure 7 is a block diagram showing a circuit 
structure of the gate bias setting circuit 14 in the 
input matching circuit 30 (or the drain bias setting 
circuit 19 in the output matching circuit 40). The 
gate bias setting circuit 14 (or the drain bias setting 
circuit 19) comprises a power distributor 24 that 
takes out a part of an input signal power applied to 
the input terminal 11, a power detector 25 that 
detects the power taken out by the power distribu- 
tor 24, and a voltage generator 23 that outputs a 
control voltage to the gate bias terminal 13 (drain 
bias terminal 20) in accordance with the detected 
power. 



A description is given of the operation. 
The input impedance matching circuit 30 is 
provided to take an impedance matching of an 
input impedance of the FET 10 with an impedance 

5 of the external circuit (not shown) connected to the 
gate input of the FET 10 through the input terminal 
11, which external circuit comprises the high fre- 
quency signal generating power supply, the load, 
and the like (not shown). Similarly, the output im- 

70 pedance matching circuit 40 is provided to take an 
impedance matching of an output impedance of the 
FET 10 with an impedance of the external circuit 
connected to the drain output of the FET 10 
through the output terminal 18. When a high fre- 

75 quency signal generated in the high frequency 
signal generating power supply in the external cir- 
cuit is input to the input terminal 11, the high 
frequency signal is amplified by the FET 10 and 
output from the output terminal 18. 

20 Figures 6(a) and 6(b) are diagrams showing 

operating characteristics of the amplifier of figure 5, 
in which figure 6(a) shows an l-V characteristic of 
the drain of the FET 10 and figure 6(b) shows an 
input-output power characteristic of the FET 10. 

25 The operation of the amplifier of figure 5 will be 
described in more detail with reference to figures 
6(a) and 6(b). 

In figure 6(a), in case where the gate bias and 
the drain bias are controlled so that a bias point 

30 may take point aO in figure 6(a) and a high fre- 
quency signal is amplified by a class "B" opera- 
tion, an output signal after amplified, i.e., a signal 
having a drain current and a drain voltage varies 
along a load curve a1-a0-a2 shown in figure 6(a), in 

35 accordance with the amplitude of the high fre- 
quency signal which is input to the gate (input 
power. More specifically, when the input power of 
the high frequency signal which is input to the gate 
is small, the drain current and the drain voltage 

40 move on the load curve in the vicinity of point aO. 
When the input power increases, the output power 
which is output from the drain is saturated because 
the drain current and the drain voltage only take 
values on the load curve a1-a0-a2 because of the 

45 characteristics of the FET. Similarly, when the gate 
bias and the drain bias are controlled to vary the 
bias point to points bO and cO in figure 6(a), the 
drain current and the drain voltage vary along load 
curves b1-b0-b2 and c1-c0-c2, which are formed 

so corresponding to the bias points bO and cO, re- 
spectively, in accordance with the amplitude of 
high frequency signal which is input to the gate. 
When the input power increases, the output power 
which is output from the drain is saturated in the 

55 same manner as described above. Figure 6(b) 
shows a relation between the input power of the 
high frequency signal which is input to the gate of 
the FET and the output power of the output signal 



2 



3 



EP 0 561 346 A1 



4 



which is output from the drain of the FET. In figure 
6(b). curves a, b, and c are input-output power 
characteristic curves in case where the bias points 
are aO, bO, and cO, respectively. 

Generally, in order to achieve a highly-efficient 
opeiation in an amplifier, it is desirable that the 
output power is output in the saturated state of the 
amplifier. In the conventional amplifier shown in 
figure 5, a highly -efficient operation is achieved by 
controlling the gate bias and the drain bias of the 
FET 10 by the gate bias setting circuit 14 and the 
dram bias setting circuit 19, respectively, so as to 
vary the bias point in accordance with the input 
power of the input signal. More specifically, a part 
of the high frequency signal power which is input 
to the input terminal 11 is taken out by the power 
distributor 24 included in the drain bias setting 
circuit 19 (or the gate bias setting circuit 14). Then, 
the power taken out by the power distributor 24 is 
detected by the power detector 22, and a pre- 
scribed voltage is generated in the voltage gener- 
ator 23 and applied to the drain bias terminal 20 (or 
the gate bias terminal 13) in accordance with the 
power detected by the power detector 25. In this 
way, the gate bias and the drain bias of the FET 10 
are controlled so that the bias point may always 
take the points aO, bO. and cO, at which the output 
power is in the saturated state of the amplifier, in 
accordance with the detected input power Pia, Pib, 
Pic, respectively, as shown in figure 6(b). As the 
result, output powers Poa, Pob, and Poc to the 
input powers Pia, Pib, and Pic are obtained in their 
saturated state, respectively. In addition, as shown 
by the dotted line in figure 6(b), the amplifier is 
controlled while keeping a linearity of the output 
power to the input power. 

In the conventional amplifier, however, when 
the gate bias and the drain bias of the FET 10 are 
controlled by the gate bias setting circuit 14 and 
the drain bias setting circuit 19, respectively, in 
accordance with the input power, the control volt- 
age generated from the drain bias setting circuit 19 
must be significantly large for the reasons that a 
large current flows into the drain, the drain voltage 
is relatively large, or the like. As the result, the 
circuit structure of the voltage generator 23 in- 
cluded in the drain bias setting circuit 19 is com- 
plicated. 

In addition, if the drain bias of the FET 10 
varies to a significant degree, the matching of the 
output matching circuit 40 is deviated, deteriorating 
the characteristics of the amplifier. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide an amplifier that efficiently amplifies an input 
signal with an improved linearity of an output power 



to an input power, and prevents deviation of match- 
ing of the output matching circuit, with using nei- 
ther a control voltage generated from the gate bias 
setting circuit in the input matching circuit nor a 
5 control voltage generated from the drain bias set- 
ting circuit in the output matching circuit. 

Other objects and advantages of the present 
invention will become apparent from the detailed 
description given hereinafter; it should be under- 
io stood, however, that the detailed description and 
specific embodiment are given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
75 this detailed description. 

According to an aspect of the present inven- 
tion, an amplifier includes a gate voltage control 
circuit for controlling a gate voltage in accordance 
with an input power of an input signal, which is 
20 connected to a junction node of a gate of an FET 
and an input matching circuit. Therefore, the input 
matching circuit takes an impedance matching of 
an input impedance of the FET with an impedance 
of an external circuit which is input to a gate input 
25 of the FET, and the output matching circuit takes 
an impedance matching of an output impedance of 
the FET with an impedance of an external circuit 
which is connected to a drain output of the FET. 
Therefore, the gate voltage is controlled so that a 
30 saturated drain current may always be obtained, in 
accordance with the bias point of the FET set when 
taking the impedance matching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figure 1 is a block diagram showing an amplifier 
in accordance with an embodiment of the 
present invention; 

Figures 2(a) and 2(b) are diagrams for explain- 
40 ' ing an operation of the amplifier of figure 1, in 
which figure 2(a) shows l-V characteristics at the 
drain of an FET and figure 2(b) shows input- 
output power characteristics of the FET; 
Figure 3 is a block diagram showing a gate bias 
45 setting circuit of figure 1 ; 

Figure 4 is an equivalent circuit diagram of a 

voltage generator of figure 3; 

Figure 5 is a block diagram showing the prior art 

amplifier; 

so Figures 6(a) and 6(b) are diagrams for explain- 
ing an operation of the amplifier of figure 5, in 
which figure 6(a) shows l-V characteristics at the 
drain of an FET and figure 6(b) shows input- 
output power characteristics of the FET; and 

55 Figure 7 is a block diagram showing a gate bias 

setting circuit of figure 5. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 is a block diagram showing a struc- 
ture of an amplifier in accordance with an embodi- 
ment of the present invention. In figure 1 , the same 
reference numerals as shown in figure 4 designate 
the same or corresponding parts. Reference nu- 
meral 50 designates a gate voltage control circuit 
comprising a diode 1, a capacitor 2, and a gate 
bias setting circuit 4. An anode of the diode 1 is 
connected to the gate of the FET 10. The capacitor 
2 is connected between a cathode of the diode and 
the ground. A gate bias terminal 3 which is an 
output terminal of the gate bias setting circuit 4 is 
connected to a junction node of the diode 1 and 
the capacitor 2. In this construction where the di- 
ode 1 is connected between the gate and the gate 
bias terminal 3, the gate voltage of the FET 10 
does not take a larger value than a voltage of a 
Schottky barrier voltage of the diode 1 plus a 
control voltage output from the gate bias setting 
circuit 4 and applied to the gate bias terminal 3. In 
addition, the capacitor 2 is provided so that the 
control voltage generated from the gate bias setting 
circuit 4 may not be grounded and causes that a 
predetermined voltage is applied to the gate of the 
FET 10. 

Figure 3 is a block diagram showing a struc- 
ture of the gate bias setting circuit 4 in detail. The 
gate bias setting circuit 4 comprises a power distri- 
butor 4a, a power detector 4b, and a voltage gener- 
ator 4c. The power distributor 4a is disposed at a 
place in a line from the input terminal 1 1 to the 
transmission line 12a and takes out a part of a 
power of a signal, which is input to the input 
terminal 11, to the gate of the FET 10. The power 
detector 4b detects the power taken out by the 
distributor 4a. The voltage generator 4c gives a 
control voltage corresponding to the detected out- 
put of the power detector 4b, to the gate bias 
terminal 3. 

Figure 4 is an equivalent circuit diagram show- 
ing the voltage generator 4c of figure 3. The volt- 
age generator (4c) of figure 4 comprises two N 
channel transistors 6 and 7 serially connected be- 
tween the constant voltage supply V DD 5a and Vgg 
5b. An output from the power detector (4b) is input 
to the gate of the N channel transistor 6. The gate 
and source of the N channel transistor 7 are con- 
nected to each other. The signal at the junction 
node of the transistors 6 and 7 is output to the gate 
bias terminal 3. 

Figures 2(a) and 2(b) are diagrams for explain- 
ing operating characteristics of the amplifier shown 
in figure 1, in which figure 2(a) shows l-V char- 
acteristics at the drain of the FET 10 and figure 2- 
(b) shows input-output power characteristics of the 



FET 10. 

A description is given of the operation of the 
circuit shown in figure 1 . 

The input matching circuit 30 takes an imped- 
5 ance matching of an input impedance of the FET 
10 with an impedance of the external circuit (not 
shown) whose output is input to the gate of the 
FET 10 through the input terminal 11. The external 
circuit comprises, although it is not shown in the 
io figure, a high frequency signal generating power 
supply, a resistor, or the like. Similarly, the output 
impedance matching circuit 40 takes an impedance 
matching of an output impedance of the FET 10 
with an impedance of the external circuit which is 
75 connected to the drain output of the FET 10 
through the output terminal 18. This external circuit 
comprises the d.c. constant voltage supply 21 and 
the resistor 22. A high frequency signal is output 
from the high frequency signal generating power 
20 supply (not shown), input to the gate of the FET 10 
through the input terminal 1 1 , amplified by the FET 
.10, and output to the outside through the output 
terminal 18 connected to the drain of the FET 10. 
The operation will be described in more detail 
25 with reference to figures 2(a) and 2(b). 

First of all, the matching of the input and output 
impedances of the FET 10 with the impedances of 
the input and output side external circuits are 
achieved by the input matching circuit 30 and the 
30 output matching circuit 40, respectively, and a bias 
point is set at the point aO in figure 2(a) by the gate 
bias setting circuit 14 and the drain bias setting 
circuit 19. In this case, the drain voltage and the 
drain current of the FET 10 move along a load 
35 curve a1-a0-a2 of figure 2(a) in accordance with the 
high frequency signal that is input to the input 
terminal 11. In this amplifier, after the bias point is 
set in this way by the input matching circuit 30 and 
the output matching circuit 40, a power of the high 
40 frequency signal is detected by the gate voltage 
generating circuit 50 and a control voltage cor- 
responding to the detected input power is applied 
to the gate of the FET 10 from the gate voltage 
generating circuit 50. More specifically, the power 
45 of the high frequency signal is detected by the 
power distributor 4a and the power detector 4b 
constituting the gate bias setting circuit 14 in the 
gate voltage generating circuit 50, and the control 
signal corresponding to the detected power is ap- 
50 plied to the gate bias terminal 3 from the voltage 
generator 4c, whereby the gate voltage is reduced 
and the FET 10 always outputs a power in the 
saturated state of the FET 10. 

For example, in case where the bias point is 
55 set at the point aO of figure 2(a) and the control 
voltage applied to the gate bias terminal 3 from the 
voltage generator 4c is 0 V, the drain voltage and 
the drain current move along the load curve a1-a0- 
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a2 of figure 2(a) in accordance with an increase in 
the input power of the input signal. When the input 
power reaches a certain value, the output power is 
saturated because the drain voltage and the drain 
current never take values other than on the load 5 
curve a1-a0-a2 because of the characteristics of 
FET. On the other hand, if the control voltage is 
reduced to a certain value lower than 0 V, the drain 
voltage and the drain current move along a load 
line b1-b2 of figure 2(a) because the gate voltage to 
never exceeds a voltage of a Schottky barrier volt- 
age of the diode plus the control voltage even 
when the input power of the input signal increases. 
If the control voltage is further reduced to reach a 
certain value, the drain voltage and drain current is 
move along a load curve d-c0-c2 of figure 2(a). 

In figure 2(b), curves a, b, and c show input- 
output characteristic curves of the FET 10 in case 
where the drain voltage and drain current move on 
the load curves a1-a0-a2, b1-b0-b2, and d-cO-c2, 20 
respectively. For example, when the input power of 
the input signal varies like Pia. Pib, and Pic as 
shown in figure 2(b), the gate voltage is controlled 
by the gate voltage control circuit 50 so that the 
output powers Poa, Pob, and Poc corresponding to 25 
the input powers Pia, Pib, and Pic, respectively, 
may be saturation voltages of the input-output pow- 
er characteristic curves a, b, and c, respectively. In 
this way, a linearity of the output power to the input 
power of the FET is kept as shown by a dotted line 30 
in figure 2(b), and the output power is obtained in 
the saturated state of the FET. 

In the amplifier of the present invention, the 
gate voltage control circuit 50 gives the control 
voltage to the gate of the FET 10 at the bias point 35 
of the FET 10, which is set by the input matching 
circuit 30 and the output matching circuit 40, in 
accordance with the input power of the high fre- 
quency signal which is input to the input terminal 
11. Therefore, it is possible to control the FET 10 40 
to operate in accordance with the input power of 
the high frequency signal by the control voltage, 
without changing the bias point of the FET 10, so 
that a pseudo saturation drain current may always 
be obtained. As the result, an output power of the 45 
FET is always obtained in the saturated state of the 
FET and a linearity of the output power to the input 
power is kept. In addition, since the gate voltage 
generating circuit 50 gives the control voltage to 
the gate of the FET 10 whose bias point is deter- 50 
mined, the control voltage is small and the struc- 
ture of the voltage generator 4c included in the 
gate voltage generating circuit 50 is simplified as 
shown in figure 4. In addition, it is not necessary to 
change the bias point, preventing the deviation of 55 
the matching of the output matching circuit. 

As is evident from the foregoing description, 
according to the present invention, the gate voltage 



control circuit for controlling the gate voltage in 
accordance with an input power of an input signal 
is provided at the junction node of the gate of the 
FET and an output end of the input matching 
circuit. Therefore, an output power is always ob- 
tained in the saturated state of the amplifier, by a 
small control voltage, with keeping a linearity of the 
output power to the input power, without changing 
the bias point. As the result, matchings of the 
input-output matching circuits are not deviated and 
the amplifier always operates with high efficiency. 

Claims 

1. An amplifier for amplifying a high frequency 
signal, comprising: 

an input matching circuit having an input 
end and an output end; 

an output matching circuit having an input 
end and an output end; 

an FET whose gate is connected to the 
output end of said input matching circuit and 
whose drain is connected to the input end of 
said output matching circuit; and 

a gate voltage control circuit for controlling 
a gate voltage of said FET in accordance with 
a power of said high frequency signal, an 
output of which is connected to a junction 
node of the gate output end of said input 
matching circuit and the gate of said FET. 

2. The amplifier of claim 1 wherein said gate 
voltage control circuit comprises a diode 
whose anode is connected to the gate of said 
FET, a capacitor disposed between a cathode 
of the diode and ground, and a gate bias 
setting circuit whose output is connected to a 
junction node of the diode and the capacitor, 
which outputs a control voltage corresponding 
to a power of the high frequency signal. 

3. The amplifier of claim 2 wherein said gate bias 
setting circuit comprises a distributor for ex- 
tracting a part of the power of the high fre- 
quency signal, a power detector for detecting 
the power extracted by the distributor, and a 
voltage generator for outputting a control volt- 
age corresponding to an output of the power 
detector to a junction node of the diode and 
the capacitor. 

4. The amplifier of claim 1 wherein said high 
frequency signal is of GHz or higher band. 
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